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AdsorptionAbstract A novel adsorbent of chitosan-1,2-Cyclohexylenedinitrilotetraacetic acid – graphene
oxide (Cs/CDTA/GO) nanocomposite was successfully prepared in the presence of glutaraldehyde
as cross linker. The adsorption and removal efﬁciency of hexavalent chromium (Cr6+) using Cs/
CDTA/GO adsorbent were investigated at different adsorption conditions. The prepared adsorbent
was characterized by FTIR and SEM. The effects of adsorbent chemical composition, CDTA/GO
concentration, adsorbent dose, pH, temperature, contact time and initial metal ion concentration
on Cr6+ sorption were investigated. The results showed that the optimum adsorbent dose was
2 g/l at pH of 3.5 and equilibrium time of 60 min. In addition, the temperature and pH were shown
with great inﬂuence of the adsorption process. The adsorption kinetics of Cr6+ onto Cs/CDTA/GO
followed the pseudo-second order model and the adsorption isotherm was well ﬁtted by the Lang-
muir model. The maximum adsorption capacity of the adsorbent was 166.98 mg/g, and the equilib-
rium parameter (RL) at different concentrations was less than unity indicating the adsorption of
Cr6+ ions onto Cs/CDTA/GO is favorable. Cs/CDTA/GO adsorbent could be regenerated more
than three times based on its adsorption/desorption cycles.
 2016 The Author. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Chromium has been used in many industries including electroplating,
tannery industries, iron and steel industries. Therefore, it can be
released to water resources, and as a result it harms the human becauseof its toxicity (Bhattacharyya and Sen Gupta, 2006; Goharshadi and
Moghaddam, 2015). Chromium occurs in water with two predominant
states: trivalent Cr3+ and hexavalent Cr6+ where the latter is more sol-
uble than former one (Sarin and Pant, 2006). These both stats can con-
taminate the surface water and even groundwater when there is no
control to treat the industrial wastewater before contact with water
resources. Because of the toxicity of Cr6+ even with low concentra-
tions (>0.05 mg/l) on the human health, it is important to remove it
from water. There are many developed techniques for removing of
Cr6+ ions from water: among them adsorption (Li et al., 2013; Baral
et al., 2006; Gupta et al., 2010; Mohan et al., 2005), membranes
(Kulkarni et al., 2007; Piedra et al., 2015), electrochemical precipita-um from
2 M.E.A. Alition (Golder et al., 2011; Fang et al., 2012), and ion exchange
(Petruzzelli et al., 1995; Rafati et al., 2010). Compared to other
methods, economically the adsorption technique is the common effec-
tive in removal of chromium due to the low cost, ease of operation and
efﬁciency (Owlad et al., 2008; Ravikumar et al., 2005). The adsorption
capacity mainly depends on the type of adsorbent that should be char-
acterized by chemical stability and high surface area in addition to con-
taining the functional groups that act as active sites for the adsorbate
(Dula et al., 2014). Organic polymers, recently inorganic nanomaterials
and hybrid of them have been used as adsorbents for various heavy
metals (Samiey et al., 2014; Wang et al., 2012; Singh et al., 2013).
Examples of the organic polymers are chitosan (Li and Bai, 2006;
Sankararamakrishnan et al., 2006), sodium alginate (Park and Chae,
2004; Lee et al., 2013), and polyvinyl alcohol (Lv et al., 2013). Some
examples of the inorganic adsorbents are activated carbon (Acharya
et al., 2009), zeolite (Basaldella et al., 2007), magnetite (Chowdhury
and Yanful, 2010) and recently graphene oxide (GO) Kumar et al.,
2013. The natural biosorbents such as chitosan have had the great
attention in the removal of both cations and anions. In the neutral
solutions the cations can be adsorbed onto the amine groups (Huang
et al., 2013). On the other hand the anion groups such as dichromate
Cr2O7
2 and chromate CrO4
2 (the two phases of chromium) can be
removed by ion exchange in acidic solutions due to protonation of
amine groups (Barakat, 2011). Recently, GO has been used as adsor-
bent because of its variety of functional groups: hydroxyl, carboxyl
and epoxy (Najafabadi et al., 2015). These groups can be protonated
in acidic solution and therefore can act as active sites for removal of
chromate groups. But due to the difﬁculty of separation of GO from
treated water it is hard to use in such purpose. To overcome this
restricts, GO and chitosan can be prepared and composed together
and used as nanocomposite (Li et al., 2013). Polyaminopolycarboxylic
acids such as ethylenediamine tetraacetic acid (EDTA), 1,2-Cyclohexy
lenedinitrilotetraacetic acid (CDTA), and Diethylenetriaminepen-
taacetic acid (DTPA) are strong chelating agents and form stable che-
lates with different types of heavy metals in the aqueous solutions. As a
result, the metal uptake capacity of the adsorbent can further be
improved by adding the chelator compounds.
The main goal of this work was to prepare a new adsorbent of Cs/
CDTA/GO nanocomposite. More speciﬁcally, this work relates to use
GO that contains multifunctional groups in addition to a chelating
agent of CDTA that captures and forms strong nanocomposite with
the ions in the aqueous solutions. Moreover, a comparison of the
removal efﬁciency of Cr6+ ions using different prepared adsorbents
was investigated to select the better one in studying the kinetic, iso-
therms and its application in wastewater treatment. Moreover, regen-
eration and de-complexing the chelated chromium metal with Cs/
CDTA/GO nanocomposite were estimated using diluted sulfuric acid
solution at room temperature. The main text of the article should
appear here with headings as appropriate.
2. Materials and methods
2.1. Materials
Natural graphite powder, potassium permanganate, sulfuric
acid, nitric acid and hydrogen peroxide were used in prepara-
tion of graphene oxide; all the chemicals were supplied by
Fisher Scientiﬁc, except for graphite powder which was sup-
plied by Across Organics Company. 1,2-Cyclohexylenedinitri
lotetraacetic acid (CDTA) was purchased from Sigma-
Aldrich and used as received. Formic acid, isopropyl alcohol,
sodium hydroxide, hydrochloric acid, sulfuric acid, 50% glu-
taraldehyde solution and potassium chromate were purchased
from El-Nasr Chemicals Co, Egypt.Please cite this article in press as: Ali, M.E.A. Synthesis and adsorption properties of
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GO was prepared following a modiﬁed Hummers’ method as
discussed elsewhere (Ali et al., 2016). To prepare the chitosan
solution, 2 g of chitosan powder was dissolved in 100 ml of a
1% formic acid solution. After completing the dissolution pro-
cess, 2 ml of 50% glutaraldehyde solution was added to form
the cross-linked chitosan hydrogel. Subsequently, the hydrogel
was kept in oven at 40 C until constant weight of chitosan
powder was produced. Finally, this powder was washed several
times with distilled water followed by 0.1 M of NaOH solu-
tion. This washing was repeated until the pH of washing solu-
tion reaching 7. To prepare Cs/GO solution, 0.1 g of GO was
dispersed in 13% formic acid and has been kept in ultrasonic
for 20 min. Afterward this solution was mixed with 25 ml of
2% Cs. solution for 1 h. Cs/CDTA solution 0.5 g of CDTA
was dissolved in 10 ml of isopropyl alcohol and then mixed
with 25 ml of 2% Cs. solution. Cs/CDTA/GO adsorbent was
prepared as follows: (1) dispersion of 0.1 g of GO in 5 ml of
13% formic acid with ultrasonic, (2) dissolving of 0.5 g of
CDTA in 10 ml of isopropyl alcohol, and (3) mixing the two
solutions with continuous stirring at 25 C overnight. The
solution was ﬁltrated and the supernatant was decanted; the
ﬁltrate was washed with distilled water and dried in an oven
at 50 C. Then different concentrations (0.1, 0.5, 1, 1.5 and
2 g) of CDTA/GO were added to 25 ml of 2% chitosan solu-
tion with continuous stirring at 25 C overnight. All Cs/GO,
Cs/CDTA and Cs/CDTA/GO solutions were cross-linked
and drying as described in pure chitosan preparation.
2.3. Characterization
Infrared spectroscopy was carried out using Genesis Unicam
FT-IR spectrophotometer by incorporating the sample in a
KBr disk. Scanning electron microscopy (SEM), Quanta
FEG 250 microscope.
2.4. Batch adsorption experiment
The stock standard solution of 1000 mg/l of Cr6+ was pre-
pared by dissolving 3.7307 g of potassium chromate in
1000 ml of DI water. Different concentrations (1, 5, 10, 20,
40, 50, 60, 80, 100, 250, 500, and 750 mg/l) were prepared by
dilution of the stock solution with DI water. All batch adsorp-
tion experiments were performed on a mechanical shaker with
a shaking speed of 160 rpm. To optimize the concentration of
the adsorbent, different concentrations of Cs/CDTA/GO
adsorbent (0.5, 1, 2, 5, 10, 15 and 20 g/l) were added to the
above Cr6+ solution under mechanical agitation. To study
the effect of adsorption time, 0.05 g of Cs/CDTA/GO was agi-
tated with 50 ml of 25 mg/l of Cr6+ solution at interval times
(10, 20, 30, 40, 50, 60, 70, 80, 90, 120, 150 and 180 min.). The
initial pH values of the Cr6+ solutions were adjusted by adding
1:1 HCl and 1% NaOH solutions. To investigate the effect of
the adsorbate solution temperature, 0.05 g of adsorbent was
agitated with 10 ml of 100 mg/l Cr6+ solution at 30, 40, 50
and 60 C. After each adsorption process, the solution was ﬁl-
trated and the supernatant was immediately analyzed by
inductive coupled plasma Mass Spectrometry (ICP-MS). Thechitosan-CDTA-GO nanocomposite for removal of hexavalent chromium from
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Removal of hexavalent chromium from aqueous solutions 3adsorption capacity was calculated according to the following
equation:
q ¼ ðCi  CfÞV
m
The removal % of Cr(IV) was calculated as follows:
% ¼ ðCi  CfÞ
Ci
 100
where ‘‘q” is the adsorption capacity (mg/g), Ci and Cf are the
initial concentration and the ﬁnal metal ion concentration
(mg/L), V is the volume of the adsorbate solution (L), and m
is the mass of adsorbent (g).
2.5. Reusability of the adsorbent
Reusability of the adsorbent was carried out by washing with
0.1% H2SO4 solution and then washed with DI water several
times. Afterward, the adsorbent was used again and the
adsorption and removal of chromium were calculated accord-
ing to the previous equations.
3. Results and discussions
3.1. Effect of the adsorbent chemical composition
The removal efﬁciency of the heavy metals mainly depends on
the chemical structure and number of the active sites of the
adsorbent. Therefore, the removal % of different prepared
adsorbents Cs, GO, Cs/GO, Cs/CDTA and Cs/CDTA/GO
was estimated in the same process, Fig. 1. From the ﬁgure, it
can be seen that the order of Cr6+ removal is Cs/CDTA/
GO> Cs/GO> Cs/CDTA> Cs > GO. This increase in
the removal % is due to the presence of the functional groups
of GO, in addition to the chelation effect of CDTA with chro-
mium ions. Actually, the crucial component is Cs, while
CDTA and GO act as modiﬁers to increase the adsorption
capacity of CS. Therefore, all adsorption, isotherm and kinetic
studies were carried out using Cs/CDTA/GO nanocomposite.Cs GO Cs/GO Cs/CDTA Cs/CDTA/GO
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Figure 1 Effect of adsorbent type on the removal % of
chromium. Adsorbent dose, 1 g/l & adsorbate solution conc.,
25 mg/l & contact time, 1 h and pH of 3.5.
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Cs/CDTA/GO nanocomposite was prepared by solution mix-
ing as described in the experimental section. The interaction
between these components, Cs, CDTA and GO was due to
containing of Cs onto the amino and hydroxyl groups and
its polycationic nature an acid media, Scheme 1. Therefore,
electrostatic attraction and hydrogen bonding between Cs,
CDTA and GO are achievable and could induce homogeneous
co-dispersion of them on the molecular scale and enhance the
adhesion as well as mechanical performance of the nanocom-
posite (Han and Lu, 2009; Yang et al., 2010). The FT-IR spec-
tra of cross-linked chitosan and Cs/CDTA/GO adsorbents are
shown in Fig. 2. In the spectrum of GO, Fig. 2(c), the charac-
teristic peaks that appeared at 3430, 1734, 1620 and 1052 cm1
correspond to hydroxyl, C‚O stretch of the carboxylic group,
deformations of the OAH bond in water and epoxide func-
tional groups onto GO surface, respectively (Ali et al., 2016).
In the spectrum of the pure cross-linked chitosan Fig. 2(a),
the broad peaks appeared in the range between 3100–
3650 cm1 and 1510–1690 cm1 corresponding to NAH and
OAH stretching and the amide groups in the structure of
cross-linked chitosan, respectively. Compared to FT-IR spec-
trum of cross-linked chitosan, the spectrum of Cs/CDTA/
GO shows multiple descriptive peaks indicated the interaction
between chitosan, CDTA and GO, where the peaks at 1050,
1600 and 2920 cm1 are the vibrational frequencies of CAN,
CAH and CAO of CDTA, indicating that chitosan has been
successfully modiﬁed with CDTA. These results are in agree-
ment with previous work (Lu¨ et al., 2015). The new major
characteristic peaks of Cs/CDTA/GO (Fig. 2(b)) at 1090,
1150, 1350, and 1390 cm1 indicate the formation of Cs/
CDTA/GO nanocomposite. The appearance of the character-
istic peak around 1600 cm1 is attributed to NAH bending
vibration and indicates the presence of the amine group of chi-
tosan (Donia et al., 2007). Moreover, compared with pure GO,
the peak at 1730 cm1 related to C‚O stretch of the car-
boxylic group of GO disappears in the spectra of Cs/CDTA/
GO nanocomposite. These reﬂect the formation of hydrogen
bonding between Cs and the oxygenated functional groups in
GO in addition to the electrostatic interaction between polyca-
tionic Cs and the negative charge on the surface of GO (Yang
et al., 2010). SEM images of chitosan, Cs/CDTA, Cs/GO and
Cs/CDTA/GO are shown in Fig. 3. Fig. 3(a) and (b) of the
cross-linked chitosan showed smooth surface with the micro
porous structure compared to non-smooth surface of non-
cross-linked chitosan that indicates the strong interaction
between chitosan molecules (Mohanasrinivasan et al., 2014).
Compared to the pure cross-linked chitosan, there was a signif-
icant difference in the surface morphology when chitosan was
composed with CDTA, GO and CDT/GO, Fig 3(c)–(h). On
the hand, in Fig. 3(c) and (d) there was an irregular morphol-
ogy when Cs was composed with CDTA. The rougher surfaces
with porous structure appeared in Fig. 3(e) and (f) reveal the
assembling of Cs on the surface of GO layers (Fan et al.,
2013). In Fig. 3(g) and (h) of Cs/CDTA/GO adsorbent there
are different features, where the surface is irregular and rough
with increasing the microporous structure. In addition, the
pore openings and cavities have been shown in Fig. 3(g) and
(h) enhance the adsorption kinetics.chitosan-CDTA-GO nanocomposite for removal of hexavalent chromium from
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Scheme 1 Schematic reaction mechanism of Cs/CDTA/GO nanocomposite and its adsorption for Cr6+ ions.
4 M.E.A. Ali3.3. Factors affecting removal of Cr6+ ions
The different factors affecting the removal efﬁciency of the
adsorbent to chromium are shown in Fig. 4. Fig. 4(a) shows
the effect of the amount of CDTA/GO into chitosan on the
removal efﬁciency of Cr6+ ions. The initial concentration of
chromium solution was 50 mg/l, adsorbent dosage of 1 g/l,
and pH of 3.5 at 25 C. This increase in removal efﬁciencyPlease cite this article in press as: Ali, M.E.A. Synthesis and adsorption properties of
aqueous solutions. Arabian Journal of Chemistry (2016), http://dx.doi.org/10.1016/was due to increasing the number of both oxygen functional
groups of GO and carboxylic groups of CDTA that are proto-
nated at low pH values and increased the active sites for chelat-
ing of the Cr6+ ions. The capability of the adsorbent for
removal of heavy metals depends mainly on the adsorbent
dose. The effect of the adsorbent dose (g/l) on the removal
efﬁciency of Cr6+ is shown in Fig. 4(b). The adsorbent dose
was varied between 0.5 and 15 g/l at constant initial Cr6+chitosan-CDTA-GO nanocomposite for removal of hexavalent chromium from
j.arabjc.2016.09.010
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Figure 2 FT-IR spectra of (a) pure cross-linked chitosan, (b) Cs/
CDTA/GO and (c) GO.
Removal of hexavalent chromium from aqueous solutions 5concentration of 50 mg/l, pH of 3.5 and contact time of 1 h.
The results indicate that the removal % and adsorption capac-
ity are increased from 27.7 to 97.1% and 3.08 to 9.83 mg/g,
respectively, as the adsorbent dose increased from 0.5 to
15 g/l. This trend of increases is due to the increase in the
active sites and functional groups as a function of adsorbent
dose increase. The ﬁgure shows no further increase in the
removal % and adsorption capacity as adsorbent increased
from 5 to 15 g/l. In the adsorption studies, the pH of the solu-
tion is an important factor affecting the efﬁciency of the adsor-
bent in removal efﬁciency of heavy metals due to protonation
and de-protonation of the functional groups of the adsorbent
(Mousavi et al., 2010). Fig. 4(c) shows the effect of pH on the
removal % of Cr6+ ions using Cs/CDTA/GO adsorbent at
constant contact time of 1 h, constant dose of 5 g/l at room
temperature and 50 mg/l of chromium as initial concentration.
From the ﬁgure, the maximum removal % is shown at low pH
2–3, and this is because Cr6+ ions in solution are present as
negative groups of mono-chromate (CrO4
2), dichromate (Cr2-
O7
2) and hydrogen chromate (HCrO4
). These entire groups
can adsorbed onto the protonated amine (NH3
+), hydroxyl
(OH2+) and carboxylic (COOH) of chitosan, CDTA and
GO via electrostatic attraction. On the other hand, at the high
pH values (pH = 6) the adsorption capacity was shown to be
decreased due to de-protonation of those functional groups
and decreasing the negative charge densities (Debnath et al.,
2014). The temperature of the adsorbate solution can effect
the adsorption efﬁciency of the adsorbent. Fig. 4(d) shows
the removal efﬁciency of Cs/CDTA/GO at different tempera-
tures ranges between 20 and 60 C. From the ﬁgure, it can
be seen that the adsorption efﬁciency increases with the
increase in temperature. The might be due to the strengthening
of the adsorptive forces between the active sites of the adsor-
bents and adsorbate species (Naiya et al., 2009), in addition
to increasing the electrostatic interaction between chromium
ions and the adsorbent.
3.4. Adsorption kinetic models
The effect of contact time on the adsorption of Cr6+ ions onto
the surface of Cs/CDTA/GO is shown in Fig. 5(a). From thePlease cite this article in press as: Ali, M.E.A. Synthesis and adsorption properties of
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at 60 min. After that, no signiﬁcant change was observed;
therefore, the optimum contact time is 60 min. The
pseudo-ﬁrst-order kinetic model (Lagergren, 1898), pseudo-
second-order kinetic model (Ho and McKay, 1999) and
intra-particle diffusion (Figaro et al., 2009) kinetic models
were employed to ﬁt the experimental data and to understand
the adsorption mechanism of Cr6+ ions using Cs/CDTA/GO
adsorbent.
The equation of Pseudo-ﬁrst-order kinetic model is as
follows:
Log ðqe  qtÞ ¼ log qe  k1t ð1Þ
where qe and qt (mg/g) are the adsorption capacities at equilib-
rium time and time t, respectively. k1 (l/min) is the pseudo-
ﬁrst-order rate constant. From plotting log (qe  qt) versus t
(Fig. 5(b)), K1 and qe can be obtained from the slope and inter-
cept, respectively.
The equation of Pseudo-second-order kinetic model is as
follows:
t=qt ¼ 1=k2q2e þ tqe ð2Þ
where k2 [g/(mg min)] is the pseudo-second-order rate con-
stant. From plotting t/qt versus t (Fig. 5(c)), the values of qe
and k2 can be obtained from the slope and intercept,
respectively.
The equation of intra-particle diffusion kinetic model is as
follows:
qt ¼ kdit1=2 þ Ci ð3Þ
where kdi (mg/g min
1/2) and Ci (mg/g) are the intra-particle dif-
fusion rate constant and the intercept of the stage I of the
adsorption process, respectively. The values of kdi and Ci can
be obtained from the slope and intercept of qt versus t
1/2,
(Fig. 5(d)) respectively. Table 1 illustrates all the kinetic
parameters of the three models at different concentrations of
adsorbate solution. From the table, it was observed that the
values of R2 of the pseudo-second-order kinetic model were
better than other two models. Therefore it’s more applicable
to the kinetics adsorption of Cr6+ ions and therefore suggests
a chemisorption process. In the intra-particle diffusion model
(Table 1), the high values of diffusion rate constant (kd1) for
the ﬁrst sharper portion than that (kd2) for the second portion
indicate that the rate of Cr6+ removal was higher in the
beginning.
3.5. Effect of initial metal ion concentration and adsorption
isotherm models
The adsorption capacity of Cs/CDTA/GO adsorbent is related
to initial ion concentrations (Fig. 6), where the adsorption
capacity was increased with increasing the initial ion concen-
tration while the removal efﬁciency was decreased. However,
to describe the adsorption mechanism and analyze the experi-
mental data of Cr6+ adsorption onto Cs/CDTA/GO adsor-
bent, the adsorption isotherm models of Langmuir (1918)
and Freundlich (1906) were used. For Langmuir model the lin-
ear form could be expressed from the following equation:
Ce
qe
¼ 1
Klqm
¼ Ce
qm
ð4Þchitosan-CDTA-GO nanocomposite for removal of hexavalent chromium from
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Figure 3 Surface morphology at two magniﬁcations (10,000 left and 20,000 right) of (a and b) chitosan, (c and d) Cs/CDTA, (e and f)
Cs/GO and (g and h) Cs/CDTA/GO.
6 M.E.A. AliThe Freundlich model, the linear form could be expressed
from the following equation:
Logqe ¼ lnKF þ ð1=nÞ logCe ð5Þ
where Ce is the equilibrium concentration of Cr
6+ in mg/l, qe
and qm are the adsorption amount at equilibrium (mg/g) and
adsorption capacity (mg/g), respectively, and KL is the Lang-
muir constant (L/mg). The values of KL and qm can be
obtained from the intercept and slope of Ce/qe versus Ce
(Fig. 7(a)). KF is the empirical Freundlich constant (mg/g)
and 1/n is the Freundlich exponent. The values of KF and
1/n can be expressed from the intercept and slope of Logqe
versus Logqc (Fig. 7(b)). By comparing the correlation coefﬁ-
cients of the three isotherm models, it was found that thePlease cite this article in press as: Ali, M.E.A. Synthesis and adsorption properties of
aqueous solutions. Arabian Journal of Chemistry (2016), http://dx.doi.org/10.1016/Langmuir (R2 = 0.987) isotherm model ﬁtted better than Fre-
undlich (R2 = 0.956) isotherm model, suggesting that sorption
of Cr6+ ions onto Cs/CDTA/GO is monolayer coverage. This
might be attributed to the homogeneous distribution of the
multi-functional oxygen groups of GO and the carboxylic
groups of CDTA onto the surface of chitosan. The calculated
maximum adsorption capacity from Langmuir isotherm model
(qm= 169.49 mg/l) is ﬁtted with the experimental maximum
adsorption capacity (qm= 166.98 mg/l). The maximum
adsorption capacity of Cs/CDTA/GO adsorbent for the
removal Cr6+ ions is compared with other adsorbents reported
in previous works, Table 2. From the table, it is obvious that
Cs/CDTA/GO adsorbent has highest maximum adsorption
capacity compared to other adsorbents. This is due to contain-chitosan-CDTA-GO nanocomposite for removal of hexavalent chromium from
j.arabjc.2016.09.010
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Figure 4 Effect of different adsorption parameters onto the chromium removal efﬁciency using Cs/CDTA/GO adsorbent; concentration
of CDTA/GO (a), adsorbent dose (b), pH of the aqueous solution (c), and solution temperature (d).
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Figure 5 Removal of chromium as a function of contact time (a) & kinetic model plots for Cr6+ adsorption on Cs/CDTA/GO adsorbent
at different initial chromium concentrations of pseudo-ﬁrst-order (b), pseudo-second-order (c), and intra-particle diffusion model (d).
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Table 1 Kinetic parameters of Cr6+ ions sorption onto Cs/CDTA/GO adsorbent.
Conc. mg/l Pseudo-ﬁrst-order Pseudo-second-order Intra-particle diﬀusion
K1 qe R
2 K2 R
2 qe (calc.) qe (exp.) Kd1 Kd2 C1 C2 R
2
1 R
2
2
20 0.0041 3.52 0.86 0.014 0.999 18.18 18.66 0.66 0.113 12.16 16.34 0.91 0.92
40 0.0066 14.06 0.944 0.002 0.999 36.76 35.86 3.49 0.679 7.49 25.98 0.99 0.95
60 0.0049 13.98 0.985 0.0089 0.998 47.16 46.22 3.5 1.353 6.204 24.15 0.99 0.98
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Figure 6 Effect of initial concentration on the removal and
adsorption capacity of Cs/CDTA/GO. Adsorbent dose, 5 g/l &,
contact time, 1 h & pH, 3.5 and temperature of 25 C.
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Figure 7 Langmuir (a) and Freundlich (b) isotherm models for
the adsorption of Cr6+ onto Cs/CDTA/GO.
Table 2 Comparison of the maximum adsorption capacity of
Cr6+ onto different adsorbents.
Adsorbent Conditions qm
(mg/g)
Ref.
Surface modiﬁed sand pH, 3 & Temp,
25 C& Time,
24 h
6.42 Lee et al.
(2010)
Magnetic cyclodextrin–
chitosan/graphene oxide
pH, 3 & Temp.,
303 K
67.66 Li et al.
(2013)
Magnetic
chitosan/graphene oxide
pH, 3 ± 1 &
Temp., 45 C &
time 24 h
101.6 Debnath
et al.
(2014)
Chitosan cross-linked
with epichlorohydrin
pH, 5.5 52.3 Tianwei
et al.
(2001)
Chitosan, glucosamine
biopolymer onto ceramic
alumina
pH, 2 & 153.85 Boddu
et al.
(2003)
Poly(ethylene-co-vinyl
alcohol) nanoﬁber
pH, 2 & Temp.,
25 C & time,
100 min.
90.74 Xu et al.
(2015)
Chitosan, GO/EDTA pH, 2 & Temp.,
25 C & time,
90 min.
86.17 Zhang
et al.
(2016)
Chitosan/CDTA/GO pH, 3.5 & Temp.,
25 C & time,
60 min.
166.98 This
study
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(amino and hydroxyl groups), (2) GO (hydroxyl, carboxyl and
epoxy groups), and CDTA (carboxylic groups) which act as
chelation sites for chromium ions.
To predict whether an adsorption system is favorable or
unfavorable, the equilibrium parameter (RL) was calculated
according to the following equation:
RL ¼ 1
1þ bCf ð6Þ
where b is the Langmuir constant (l/mg) and Cf is the ﬁnal
Cr6+ concentration (mg/l) in the solution, if RL > 1 the
isotherm is unfavorable, whereas if RL < 1 the isotherm is
favorable. The calculated RL values at different concentrations
were less than unity indicating the adsorption of Cr6+ ions
onto Cs/CDTA/GO is favorable. In addition, from the data
of Freundlich isotherm model it was found that 1/n value
smaller than 1 indicates favorable adsorption.
3.6. Reusability of Cs/CDTA/GO
Three cycles of chromium adsorption and desorption
experiments were conducted to investigate the changes inchitosan-CDTA-GO nanocomposite for removal of hexavalent chromium from
j.arabjc.2016.09.010
Removal of hexavalent chromium from aqueous solutions 9Cs/CDTA/GO efﬁciency at equilibrium. It was found that the
removal efﬁciency of chromium from the aqueous solutions
was more than 95%.
4. Conclusion
In this work, the nanocomposite adsorbent of Cs/CDTA/GO was pre-
pared and characterized by FTIR and SEM to conﬁrm the functional
groups and the morphological structure, respectively. The obtained
results showed that the optimum adsorbent dose was 2 g/l at pH of
3.5 and equilibrium time of 60 min. The adsorption kinetics of Cr6+
onto Cs/CDTA/GO followed the pseudo-second order model and
the adsorption isotherm was well ﬁtted by the Langmuir model. The
maximum adsorption capacity of the adsorbent was 166.98 mg/g,
and the equilibrium parameter (RL) at different concentrations was less
than unity indicating the adsorption of Cr6+ ions onto Cs/CDTA/GO
is favorable.
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